Collections of littoral invertebrates were made from 21 freshwater bodies in the Lake Meston area of the western Central Plateau. Seventy-three taxa, including 42 identified as species, were collected. The fauna is similar to that found in other high-altitude lakes in Tasmania. A cluster analysis of sites by the presence or absence of species classified the standing waters into groups which could be explained by size and their species richness, apart from Lake Bill, probably the only lake of non-glacial origin, which did not associate with lakes of similar size. No correlations could be detected between the groupings and topographic descriptors of the lakes derived from maps. The named lakes in order of species richness were Meston (29 species), Adelaide & Louisa (23), Poa (19), Myrtle (IS), Bill (II) and Charles (7). Lake Meston is apparently the only lake in the area to support a substantial trout population.
INTRODUCTION
Although Tasmania has a wealth of highland lakes there have been few studies of their invertebrate fauna, and those lakes that have been investigated have been the larger or more accessible systems. Perhaps because of the difficulty of obtaining consistent samples in the littoral zones of lakes (Leonard & Timms 1974) , the littoral fauna has been less studied than the benthos. Leonard & Timms (1974) described the littoral rock fauna of Lakes Dove, Sorell and Crescent and suggested that the trophically poorer lakes were dominated by insects whereas the richer lakes were dominated by non-insects. Knott et al. (1978) examined the rock fauna in Hartz Lake, found that it was dominated by crustaceans, and suggested that this was related to the absence of trout from this lake, in contrast to those examined by Leonard & Timms. The only other substantial studies of the invertebrates of Tasmanian lakes have been the benthic surveys of Timms (1978) and Fulton (1983a,b) .
In February 1986 a survey of lakes in the northwestern part of the Central Plateau was organised by the Inland Fisheries Commission to investigate the potential of the unstocked lakes as trout fisheries. This provided the opportunity to sample and describe the invertebrate fauna of these lakes, and some neighbouring systems.
The survey included five of the larger and deeper lakes of this part of the Plateau: Lakes Meston, Adelaide, Louisa, Myrtle and Bill ( fig. 1 ). The four largest lakes, Meston, Adelaide, Louisa and Myrtle, all appear to be of glacial origin (Derbyshire 1972 , Derbyshire et al. 1965 , while Lake Bill is not in a rock basin (Derbyshire et al. 1965) and may have arisen from the damming and subsequent redirection of Jacksons Creek, which drains Lake Myrtle into the Mersey River. The area also has a large number of smaller lakes and tarns.
Jurassic dolerite outcrops throughout the area, with accumulations of till in some valleys (Mines Department 1976) . The vegetation varies with altitude and drainage; extensive stands of Nothofagus forest surround Lake Louisa and many of the other lakes, but most of the area is covered with open eucalypt forest on the thinner soils, or swamp and sedgeland where the drainage is poor. The higher ground of Mt Rogoona used to carry alpine dwarf forest, but this has been largely destroyed by recent fires.
Lake Meston was stocked with rainbow trout in the 1940's and the lake apparently maintains a substantial population of trout. The status of the other lakes is unclear. Lake Adelaide may once have been stocked, but no trout were found. The other three lakes do not appear to have trout populations at this time (French 1984 
METHODS
In February 1986, the five major lakes, plus a number of smaller lakes, tarns and streams were surveyed from a base camp at the eastern end of Lake Meston.
Collections were made at each locality by hand, i.e. picking animals from the surface of rocks and pieces of wood, and by Freshwater Biological Association hand nets in deeper water along soft banks and in weed beds. At each site collections were made from the full range of littoral habitats available.
At one or two localities burrows of freshwater crayfish were excavated with spades. From Lake Meston and Lake Louisa some material was collected from deeper water by SCUBA diving; tangle nets were used in Lake Meston to collect freshwater crayfish. Finally, flying insects were collected, using a light trap at Lake Meston and by means of hand nets elsewhere.
Apart from Lake Meston, most sites were only sampled on one occasion and no attempt was made to assess the abundance of the species collected.
No physical data were collected from the lakes in the field, but several parameters describing the standing water bodies were estimated from the 1:25 000 map of the area: the area in km 2 , the area of the catchment in km 2 , altitude (m), length of shoreline (km), maximum length (km), maximum width (km). From these, three more parameters were calculated: the ratio of catchment area to lake area (C/A), the mean width (area/maximum length) and the shoreline development (Bayly & Williams 1973) , i.e. the ratio of the shoreline length to the circumference of a circle with the same area, calculated as S 2.fitA where S = length of shoreline, A = lake area. Figure I shows the locations of the 15 Ientic and 6 lotic sites sampled. Other collecting sites, i.e. where crayfish burrows were excavated, are not marked. Table I lists the taxa collected at each site, identified as far as published taxonomies allow. Groups for which the level of identification is particularly poor and where there are likely to have been several species present are the Trichoptera, Chironomidae and Oligochaeta.
RESULTS
In all, 73 taxa were identified, of which 42 were identified to species. The fauna was dominated by insects, especially the nymphs of stoneflies. Amongst the non-insect fauna were molluscs, Physastra gibbosa and, less commonly, lsidorella hainesii, and the very common small bivalve Pisidium casertanum. Oligochaetes and turbellarians occurred at many sites.
Crustaceans were represented by calanoid copepods, ostracods, c1adocerans, amphipods, syncarids and decapods. Two species of crangonyctoid amphipod were present, one of which, identified from the keys in Williams & Barnard (1988) as Neoniphargus alpin us, was widely distributed in still and running waters, while the other, N. ?jultoni, was only found in an alpine pool on Mt Rogoona. The other amphipods were an eusirid, Paracalliope sp. (Lake Louisa only), and the ceinid Austrochiltonia australis. The syncarid, Anaspides tasmaniae, was only found at two sites: a tarn on Mt Rogoona (site 7) and the Lake Meston inflow creek (site 17), where it was very localised. Two species of crayfish were present, Parastacoides tasmanicus tasmanicus, which was found in type 2 burrows (Horwitz & Richardson 1986 ) at several localities, and Astacopsis jranklinii, which was collected by diving and by tangle nets in Lake Meston, where specimens with a carapace length of more than 100 mm were obtained. One A. jranklinii female was carrying newly-hatched young.
In order to form a classification of the water bodies studied, the data were subjected to a cluster analysis. Similarities between the sites were measured in terms of the presence and absence of species at each, using Euclidean distance (Clifford & Stephenson 1975 , Pielou 1984 . The resulting matrix of dissimilarities was converted into clusters of sites using the group average (UPGMA) method (Sokal & Sneath 1973 , Clifford & Stephenson 1975 and expressed as a dendrogram. Analyses were performed by the program BIOl:TAT II (Pimentel & Smith 1985) Since results of cluster analysis can be seriously biased by the presence of rare species, or the failure to collect them at some sites, the analysis was carried out on a reduced data set containing 18 species, selected because they occurred at at least three of the total number of sites examined and 
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I a a a a a a a a a a a a a a a a a a a figure 1 , apart from dendrogram (c) where the numhers refer to lakes as follows. 1, Lake Meston; 2, Lake Adelaide; 3, Lake Charles: 4, Lake Bill; 5, Lake Poa; 6, Lake Louisa; 7, Lake Myrtle. The vertical scale is dissimilarity measured as Euclidean distance.
could be identified to at least generic level. The occurrences of all species and the selected species set are presented in the appendix. Three groups of sites were analysed separately: the complete set (21 sites), the lentic sites alone (15 sites) and the named lakes alone (7 sites). The resulting dendrograms are shown in figure 2 . Analysis of all sites ( fig. 2A) shows a basic division of the sites into the large lakes, plus Lake Poa and Site 2, against the smaller lakes and tams, plus all the lotic sites. Lake Bill is included in the second group. This division is based partly on species richness, the second group of sites having lower numbers of species, but there is also one absolute difference in the fauna: the presence of the snail Physastra gihhosa at all the sites in the first group and none in the second. No other absolute differences appear, but the stonefly Leptoperla varia is present at all the sites in the first group but only two out of the 14 in the second group.
Within the second group, subdivisions also correlate with species richness. The Rogoona lakes and tarns are depauperate and have little that characterises them, apart from the absence of species and the presence of Austrocerca tasmanica, which they share with only Site 3 and Lake Bill. The creeks and Lake Bill form an indistinct group.
When the lotic sites are excluded from the analysis ( fig. 2B) , the pattern remains similar to that in the previous analysis. The initial division is into the larger lakes versus the tarns and Lake Bill, and is based on species number and the presence of Physastra gihhosa, Leptoperla varia, Atalophlehia sp. and Eusthenia spectahilis, and the absence of Austrocerca tasmanica and Sigara sp. 2, in the lakes. Within the "big" lake group, Lake Poa and Site 2 are separated from the bigger lakes by the presence of Tasmanophlehia sp., Austrocercoides sp., Austrolestes io, and the absence of Eusthenia spectahilis.
In the "small" lake group the only recognisable subgroup is the Rogoona lakes, characterised, as mentioned above, only by their species poorness.
The final analysis is of the named (i.e. "big") lakes only ( fig. 2C ). Not surprisingly, in view of the relationships described above, Lake Bill separates from all other lakes. This is based principally on the absence of species (e.g. Physastra gibbosa, which was present in all the other lakes), but also on the presence of Austrocerca tasmanica. The other principal division is between Lakes Meston and Adelaide and the remaining lakes. These two large lakes have the most species recorded and share Austrocercoides zwicki to the exclusion of all the others. Austrocerca rieh is only found in Meston, Adelaide and Myrtle within this group.
Summarising the significant points from this analysis, there appear to be at least three groupings within the standing waters samples, which correlate basically with size: the mountain tarns (c. <2 ha.), which are species poor but possess Austrocerca tasmanica, the medium -sized lakes (Lake Poa, Sites 2 & 3), which are intermediate in species richness and not characterised by the exclusive possession of any species, and the large lakes (Meston, Adelaide, Myrtle, Louisa, Charles), which are richest in species and best characterised by Physastra gibbosa, Leptoperla varia and Eusthenia spectabilis. Lake Bill does not fit with any of these groups, except the mountain tarns.
To provide some environmental basis for the classification, the lentic water bodies were subjected to a cluster analysis on the basis of the topographic parameters taken from the 1:25 000 map (table 2) . Each parameter was transformed to its z-value to prevent the numerically large items from dominating the rest (Clifford & Stephenson 1975) . The resulting dendrograms are presented in figure 3 .
The analysis is apparently most strongly int1uenced by the catchment/area ratio, since lakes 2 and 3, with the two highest CIA's, split otT early from the rest. Within the remaining group the four largest lakes group together, as do the smallest (sites 4, 8, 9 & 12). These groupings, although they can be related quite easily to the topography of the lakes and their catchments, do not bear any close resemblance to the groupings based on the fauna.
The named lakes can be ranked on the basis of species richness. In order of declining richness, the ranking is: Meston (29), Adelaide & Louisa (23 each), Poa (19), Myrtle (15), Bill (11) and Charles (7). Once again, Lake Meston stands out but ,   TABLE 2 Topographical characteristics of the lentic water bodies of the Lake Meston area, derived from the 1:25 000 map compared to the cluster analysis, Lake Poa changes its position relative to Lakes Myrtle and Bill.
Tab Ie 3 shows correlations between species richness in each of the standing water bodies and the topographic parameters. There are significant relationships between species richness and six of the nine parameters (area, catchment area, shoreline length, maximum length, mean width and maximum width); however, all of these correlate strongly with lake area. Figure 4 shows that there is a weak relationship between species richness and lake area; the greatest deviations from the relationship are for Lake Charles (lower species richness than expected), Lake Meston and "Meston 1" tarn (higher species richness than expected). Including further topographic variables in a multiple regression improves the strength of the relationship dramatically, but further analysis is probably not helpful because of the strong relationships between most of the topographical parameters and lake size; those parameters which are not strongly correlated with lake size (catchment/area, shoreline development and altitude) do not correlate significantly with species richness. While supporting the general relationship between lake area and species richness, this analysis does not explain the exceptional position of Lake Bill in all the cluster analyses. 
DISCUSSION
Low levels of identification make it hard to compare the fauna in the Meston lakes and those previously examined, i.e. Dove Lake, Lakes Sorell and Crescent (Leonard & Timms 1974) and Hartz Lake (Knott et al. 1978) . Not surprisingly, the littoral fauna of the Meston lakes appears to relate more closely to that of Dove and Hartz Lakes than the lower altitude lakes of Sorell and Crescent. The latter lakes have a better developed molluscan fauna, more turbellarians and their crustacean fauna includes representatives of two groups not found in the highland lakes: the janirid isopods (Heterias petrensis) and the atyid shrimps (Paratya australiensis). Anaspides tasmaniae is absent from the lowland lakes, but present in the Meston area, and Hartz Lake. Within the Meston area, it is clear that Lake Meston stands apart from the other lakes both in terms of species richness and in the occurrence of unique taxa (the gripopterygid stoneflies Dinotoperla serricauda and Riekoperla sp. and the caddisfly familes Kokiriidae and Helicopsychidae).
It is interesting that this lake carries a thriving trout population, while the others support very low or no populations at present. The success of the trout in Lake Meston may be related to the invertebrate faunal richness. There is apparently nothing in the physical size or setting of Lake Meston which might explain the difference. Other factors which might be important, but about which there is no information, are the overall level of productivity, the quality of the surrounding catchments and the exposure of the lakes to wind and wave action. Leonard & Timms (1974) point out the high variability between samples from the littoral zone in lakes and suggest a number of factors which contribute to this variability. In this study the factor most likely to cause bias in our comparisons is the position of collecting stations in the lakes. Most lakes were sampled at only one general locality (although several samples were collected in that area to allow for local variation) because of the size of the lakes and the restricted access. Because of the configuration of the lakes, Meston and Myrtle were sampled on shores exposed to the prevailing wind, while relatively sheltered shores were s.ampled at Lakes Adelaide and Louisa.
A general relationship between lake area and species richness is to be expected from ecological theory (Macarthur & Wilson 1967) , but the area available to the littoral fauna is not related to lake area in a simple way, and other factors such as catchment quality, substrate type and productivity will control the number of species present. Lake Bill, which has an exceptional fauna, appears to have had a different origin to the other large lakes. Lakes Meston, Adelaide, Myrtle and Louisa appear to be glacial features, and Poa and Charles are probably kettle lakes with rocky bottoms and shores; but Lake Bill is shallow with an organic bottom and peaty shores (Derbyshire et ai. 1965) , apparently formed from the damming of a small creek. The differences in substrate, and probably in water quality, are sufficient to explain the exceptional fauna in Lake Bill.
APPENDIX 1
Occurrences of all recognised taxa in the 21 sites examined in the Lake Meston area 
